suMMARY The combined use of phenoxybenzamine and dopamine was applied in infants and children when it was difficult to come off cardiopulmonary bypass for low cardiac output. The rationale of this method is to prevent the alpha-adrenergic action of dopamine by phenoxybenzamine and to encourage the beta-adrenergic and direct specific action of dopamine. Dopamine was used in dosage of 10 to 30 tzg/kg per min after the additional administration of a half of the initial dosage of phenoxybenzamine; this was infused by drip always in a dosage of 0.5 to 1'0 mg/kg during the first half of cardiopulmonary bypass.
Dopamine is a biochemical precursor of norepinephrine which increases myocardial contractile force by a beta-adrenergic action and produces mild vasoconstriction by an alpha-adrenergic action. ' It also produces renal and mesenteric vasodilatation by a direct specific action, not antagonised by either alpha-or beta-adrenergic blocking agents.2 3 This unique combination of properties provides a rational basis for the use of dopamine in the treatment of cardiogenic shock.
The combined use of dopamine and phenoxybenzamine, an alpha-adrenergic blocking agent,4 5 was attempted in the treatnent of low cardiac output syndrome in patients coming off cardiopulmonary bypass.
Subjects and methods
Studies were made on 27 patients (age range 8 months to 6 years and 8 months) with congenital heart disease, who underwent open-heart surgery at Meijyo Hospital from July 1977 to June 1978 (Table 1 ). The combined use of phenoxybenzamine and dopamine was attempted in nine patients where difficulty had occurred in attempting to come off cardiopulmonary bypass. The other 18 patients, in whom phenoxybenzamine only was used, were studied as controls (Table 2) .
Received for publication 2 July 1979 Cardiopulmonary bypass was accomplished with a small roller pump arranged for paediatric perfusion and a Temptrol oxygenator designed for infants. The haemodilution ratio was 35 to 45 per cent using the normothermic method and 20 to 35 per cent using the hypothermic method. The perfusion flow was checked and controlled every 15 minutes during cardiopulmonary bypass in order to maintain optimum perfusion.6 It resulted in a perfusion index of 3-4 to 3 9 1/M2 per min at 15 minutes of bypass at which time the haemoglobin concentration showed the minimum value. Total circulatory arrest within 30 minutes was applied when the oesophageal temperature was 20°C ( (Table  3) . Fig. 1 shows the course of a girl of 4 years and 5 months weighing 18 kg who had an endocardial cushion defect and mitral regurgitation. The ostium primum defect was closed with a pericardial patch and the mitral cleft was repaired by two U-stay sutures. As soon as cardiopulmonary bypass was stopped, she lapsed into low cardiac output, with mean arterial pressure 30 mmHg, central venous pressure 28 cm H20, and anuria. Low flow-assisted circulation was carried out twice with the combined use of phenoxybenzamine and dopamine. As a result, effective cardiac output and good urinary output were obtained, and she could be taken off assisted circulation. HYPOTHERMIC 
GROUP
The method of deep hypothermia combined with cardiopulmonary bypass was applied in six severe cases whose body weight was about 10 kg. Complete circulatory arrest or extremely low flow perfusion was used in order to make intracardiac operation easier with an oesophageal temperature of 15 to 250C. POB, phenoxybenzamine; DA, dopamine; BSA, body surface area. (Table 4) . Fig. 2 shows the course of a boy of 19 months (6-7 kg in body weight) with ventricular septal defect, persistent ductus arteriosus, severe pulmonary hypertension, and left superior vena cava. The ductus arteriosus was closed by suture ligation under total circulatory arrest combined with deep hypothermia at an oesophageal temperature of 19°C, and the ventricular septal defect was closed by U-stay suture with a Teflon patch. Phenoxybenzamine was used in a dosage of 0 5 mg/kg at the time of bypass rewarming. As the arteial pressurer decreased gradually and the central venous pressure increased when cardiopulmonary bypass was withdrawn, assisted circulation with the combined use of phenoxybenzamine and dopamine was required for 31 minutes in order to prevent low cardiac output syndrome.
Discussion
During cardiopulmonary bypass a patient is considered to be in a state of pre-shock with a moderate increase in systemic vascular resistance. To combat this, many kinds of vasodilators are used during cardiopulmonary bypass and catecholamines are given frequently after bypass. Among these drugs, it may be appropriate to use phenoxybenzamine or isoprenaline and dopamine. Isoprenaline produces cardiac stimulation and mesenteric and peripheral vasodilatation by its action on the beta-adrenergic receptors. Currently, it occupies a position of prominence in the treatment of shock syndrome unresponsive to volume expansion, regardless of aetiology.-9 On the other hand, phenoxybenzamine is known to increase the cardiac output, stroke volume,10 and renal blood flow4 when given intravenously. Alpha-adrenergic receptor blocking drugs such as phenoxybenzamine induce cardiac stimulation mostly because the fall in systemic blood pressure accompanying systemic vasodilatation initiates reflex tachycardia.5 Because isoprenaline increases heart rate and causes arrhythmia much more often than does phenoxybenzamine,'1 12 we combined phenoxybenzamine with dopamine in patients in the low cardiac output state at the time of withdrawal of cardiopulmonary bypass.
Many experimental reports have indicated that low doses of dopamine decrease resistance in the renal and mesenteric vascular beds,13-15 but not in the limb circulation,2 13 and that higher doses cause predominant vasoconstriction in both visceral and limb vascular beds.2 13 In addition, many clinical studies indicated that, in adults, low doses (2 to 5 ,ug/kg per min) caused increased renal blood flow with little effect on heart rate, blood pressure, or myocardial contractility; moderate doses (5 to 15 .tg/kg per min) caused increased renal blood flow, heart rate, cardiac contractility, and cardiac output; and high doses (more than 20 F.g/kg per min) produced a renal blood flow which might be reduced.12 16 In infants and children, dopamine is a safe drug when used in moderate doses and is effective in increasing blood pressure and urine production with little change in heart rate and central venous pressure.'7 This unique mechanism responsible for the direct vasodilator effect is believed to be specific to the mesenteric and renal bed.2 3 13 "8 Furthermore, dopamine increases coronary artery blood flow but with relatively less increase in myocardial oxygen consumption and, therefore, increases myocardial efficiency.13 19 The dose of dopamine (30 t±g/kg per min) used in this series is high by the above criteria. But as the circulatory blood volume of the patient increased about twofold during cardiopulmonary bypass in which whole blood and diluent (800 to 1500 ml) were primed into oxygenator and extracorporeal circuit, the actual dose of dopamine was considered to be moderate (about 15 ,ug/kg per min). The combined use of phenoxybenzamine and dopamine provided a stable haemodynamic condition without a high total peripheral vascular resistance and stimulated the removal of diluent by good urinary output.
This method is useful in the treatment of the low cardiac output syndrome when coming off cardiopulmonary bypass. 
